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Abstract 
This paper deals with a current decay characteristics of a high temperature superconducting (HTS) magnet operated in persistent 
current mode (PCM). In superconducting synchronous machine applications such as linear synchronous motor (LSM), the 
superconducting coil is designed to operate in the PCM to obtain steady magnetic field with DC transport current. This 
superconducting magnet operates on a direct current, but it can be exposed to alternating magnetic field due to the armature 
winding. When the magnet is subjected to an external time-varying magnetic field, it is possible to result in a decay of the current 
in PCM system due to AC loss. In this research, a PCM system with armature coil which generates time-varying magnetic field 
was fabricated to verify current decay characteristics by external alternating magnetic field. The current decay rate was measured 
by using a hall sensor as functions of amplitude and frequency of armature coil.  
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1. Introduction 
Recently, high temperature superconducting (HTS) magnets for superconducting synchronous machines have 
been studied by several research groups [1,2]. Field winding which is responsible for generating the steady magnetic 
field operates in direct current (DC) condition. Especially, in magnetic levitation (MAGLEV) application, persistent 
current HTS superconducting magnet can be applied to on-board field excitation winding of a linear synchronous 
motor (LSM) [3,4]. Ideally, if there are no losses in HTS magnets operated in persistent current mode (PCM), the 
current under critical current density can flow without decaying. However, in real persistent current HTS magnets, 
the current decays in closed-loop circuit mainly due to two reasons, by joint resistance between the connections of 
HTS tapes and index dissipation by low n-value. Typically, since the field winding in PCM operates with the 
armature winding, alternating magnetic field can affect operating characteristics of field winding such as armature 
reaction by back electromotive force (EMF) and current decay rate by external field. Although most studies on 
persistent current HTS magnet have already been studied [4], the operating characteristics of persistent current HTS 
magnet with time-varying magnetic field need to be researched for effective operation of total system. 
In this paper, we experimentally investigated the current decay characteristics of the persistent current HTS 
magnet by an external alternating magnetic field. We fabricated a test jig with field coil operated in PCM and 
armature coil for generating alternating magnetic field. The experimental results show that alternative magnetic field 
by armature winding can affects the current decay rate of the field coil during PCM operation. 
2. Experimental setup 
Fig. 1 (a) and (b) shows a photograph of the measurement jig and its schematic diagram, respectively. This 
system is mainly composed of two parts: (1) a field coil wound with GdBCO coated conductor including joint 
resistance and heater-triggered persistent current switch (PCS); (2) an armature coil for generating alternating 
magnetic field. These two coils are electrically isolated, but rather magnetically connected. To make a closed-loop 
circuit for a field coil, joints between two HTS tapes were soldered by using In-Bi alloy. After joint process, PCS 
was made of Ni-Cr heater wire which has resistance of 33 Ț at 77 K and impregnated by epoxy resin. In addition, E-
type thermocouple was attached within PCS to measure the PCS temperature with respect to heater current. To 
measure the field coil current in PCM, a hall sensor was used at the center of the field coil and its hall voltage was 
converted in terms of current. As shown in Fig. 1 (b), the gap distance between field coil and armature coil was 20 
mm. All the tests were performed at 77 K in bath of liquid nitrogen. Details on test coils and PCS are described in 
Table 1. 
 
Fig. 1. (a) Photograph of the assembled measurement jig; (b) Schematic diagram. 
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Table 1. Specification of fabricated test coils and PCS 
Test coils Field coil Armature coil 
HTS tapes (width / thickness / IC) GdBCO Brass laminated coated conductor 
(4.2 mm / 0.22 mm / 130 A) 
BSCCO-2223 reinforced wire 
(4.3 mm / 0.29 mm / 135 A) 
Winding ID / OD [mm] 80 / 199.3 80 / 153.5 
Total tape length [m] 208 81 
Winding turns [turns] 238 111 
Critical current [A] 85 78 
Self-inductance [mH] 28.5 5.8 
PCS   
Material of heater / Resistance [Ț] Ni-Cr alloy wire / 33 
Thermometer E-Type thermocouple 
3. Results and discussion 
The sequence diagram of total system for charging-persistent mode operation is shown in Fig. 2. In order to 
determine the control parameter of the PCS, we performed the heater test as a function of the heater current. When 
the heater current was 0.9 A, PCS activation time (defined as the interval between the heater start time and the 
moment that the superconducting layer in CC reach the critical temperature) and maximum temperature of PCS was 
15 s and 120 K, respectively. After heater was turned off, PCS recovery time (defined as the interval between the 
heater end time and the moment when the normal zone in superconducting layer disappears) was 10 s. The operation 
sequence of charging and persistent current mode is as follow procedures: (1) The heater is turned on to activate 
PCS into normal state at t1. (2) After PCS activation time, DC power supply is turned on to charge the field coil 
current at t2. (3) Heater and DC power supply are turned off at t3 and t4, respectively. (4) When DC power supply is 
fully turned off and the field coil operates in PCM, the armature coil connected to AC power supply is turned on at 
t5. 
Fig. 3 shows the equivalent circuit diagram of the persistent current mode HTS coil with armature winding. In 
PCM operation, current decay rate in field coil can be derived from follow: 
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where I0 is initial field coil current, LF is self-inductance of field coil, and RF is resistance within the closed-loop 
circuit, including joint resistance and index loss. Generally, initial field coil current during PCM operation decreases 
gradually due to joint resistance and index loss. As the alternative magnetic field generated by the armature winding 
circuit could induce additional resistance loss in field winding circuit, field coil current can decrease more rapidly.  
 
  
Fig. 2. Sequence diagram of persistent mode operation with armature coil.             Fig. 3. Equivalent circuit model for measurement jig. 
 Young Gun Park et al. /  Physics Procedia  58 ( 2014 )  268 – 271 271
 
Fig. 4. Field coil current during PCM with time-varying magnetic field by armature winding. 
 
Fig. 4 presents the test results of the field coil current in PCM with alternating magnetic field. Initial field coil 
current, I0, was set to 60 A, which is 70 % of critical current of field coil, and then time-varying field generated by 
the armature coil was applied during PCM operation for 9 - 10 hours. Field coil currents were measured with 
varying the peak amplitude, Ip, and frequency, f, of the armature coil for four cases: (1) Case 1 : Ip = 5 A, f = 5 Hz, 
(2) Case 2 : Ip = 5 A, f = 15 Hz, (3) Case 3 : Ip = 15 A, f = 5 Hz, (4) Case4 : without armature coil. As shown in test 
result, when alternating field was applied to field coil operated in PCM, tendency of field current decay was 
observed. Current decay rate were 6.715 %/h, 6.732 %/h and 7.221 %/h, respectively. From the test results of Case 2 
and 3, amplitude of armature coil affect the current decay rate of field coil during PCM operation dominantly in 
compared with those of frequency. 
4. Conclusion 
This paper represents the experimental results of the current decay characteristics for persistent current HTS 
magnet with alternative magnetic field. We examined the current decay characteristics of persistent current HTS 
field winding and calculated its current decay rate as functions of amplitude and frequency of armature coil. The test 
results show that current decay rate of HTS coils during PCM operation is affected by external magnetic field, 
mainly due to amplitude of armature coil current. Therefore, current decay characteristics of field coil, operated in 
PCM, with armature winding have to be considered for designing superconducting synchronous machine such as 
LSM or rotating machine. 
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